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O Non-perturbative Structure studies

O Energy Correlator

O Nucleon energy Correlators (NECs)
O Definition, measurement, factorization and properties
O Phenomenology

O Quarkonium Energy Correlator

O New insights into the non-perturbative structures ¢¢¢
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Structure Studies

Quark and gluon
internal motion

Major focus of the EicC, EIC ...

Quark spin



Structure Studies

. o , hard probe, e.g., DIS
Collinear Parton Distribution Functions (PDFs)
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D2 O inclusive over X, clean.

O not differential enough, lose information

DIS



Structure Studies

hard probe, e.g., SIDIS
Transverse Moment Dependent-PDFs (TMDs)
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q; ~ ki ~ Aqcp
O Major tool for structure studies

O~ 1T O Enforce the b-to-b configuration

SIDIS, Breit Frame



Structure Studies

Transverse Moment Dependent-PDFs (TMDs)
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Non-pert
region
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power correction
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hard probe, e.g., SIDIS
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O Major tool for structure studies

O Soft contamination

Q2

. I
O Sudakov suppression o(k;) « —e
di

O Distort azimuthal asymmetry
Hatta, Xiao, Yuan, Zhou, PRL 2021



Structure Studies

hard probe, e.g., SIDIS
Transverse Moment Dependent-PDFs (TMDs)

Jarp X k) = —e"P Y e (P | p(0) Ly (y, y7) | P)
o (2m) )
E‘f‘jjjj 6T(n,)6T(n,) O Still lose information
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Structure Studies

O How cc — J/y?!
O NRQCD: encoded in (@), (Og)

O remains largely unknown: amount of
energy released? Energy Distribution?




Energy Correlator

Andres, Basham, Belitsky, Brown, H Chen, Dixon, Dominguez, Elayavalli, Ellis, ] Gao,
Hofman, Hohenegger, Holguin, Jaarsma, ZB Kang, Kologlu, Korchemsky, Kravchuk,
Komiske, Lee, HT Li, YB Li, Love, MX Luo, Maldacena, Mecaj, Marquet, Moult,
Pathak, Procura, DY Shao, Simmons-Duffin, Sokatchev, Thaler, van Velzen, W. Wang,
X-N Wang, Waalewijn, M Xiao, KYan, TZ Yang, F Yuan, Zhang, Zhiboedov, HX Zhu +




Energy Correlators
Energy-Energy-Correlator (EEC)

///
. ¥ —

LEEC = _Jddz l ]5()(

ron List 1 Hadron List 2

h,(E,p,e,...)
hz(E,]_?),e,...) hz(Eaﬁaea°“)

hy(E,p,e,...) h,(E,p,e,...)

Sterman, 1975 hl (E,p, e,
Bashman, et al. 1978
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Energy Correlators

Energy-Energy- Correlator (EEC) oo
En) = dt lim T-(t, nr)r?

r— Q00

' @- Aor by the light-ray operator

LEEC = _Jdﬂz | ]5()(

O Easy to implement, “Jet w/o jet”
— L(]ﬂ(x)g(nl)fg(nz)]’/(()»g O Pertu rbatively predictable

2
Q e.g., Gao, Li, Moult, Zhu, 2023, Chen, et al. 2024

O Dual description
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Energy Correlators

L 4

Jet Structure in e+ e- Annihilation with Massless Hadrons Citations per year

1

George F. Sterman (lllinois U., Urbana)
Dec, 19756

10 pages
Report number: ILL-TH-75-32
View in: KEK scanned document

pdf [= cite [ reference search <) 1 citation

Our ensembles will thus be specified in terms of set
states., To make this idea more quantitative we defi

"angular energy current'" in the e+e- CM frame:

n
a

J () =% . n6(Q-w,)

1=

lan Moult, MITP talk 2024

Conformal collider physics:
Energy and charge correlations

Diego M. Hofman® and Juan Maldacena®

@ Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544, USA
bSchool of Natural Sciences, Institute for Advanced Study
Princeton, NJ 08540, USA
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People do not do
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E(n)&Em,) ~ 006 0 - 0

Scaling rule by Hofman, Maldecena, 2008
conformal theory
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Energy Correlators

As of 2024
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CMS Preliminary: ¥s = 13 TeV, 220 < Full Jet p_ <330 GeVic )
CMS Preliminary: ¥s = 13 TeV, 330 < Full Jet p_ < 468 GeVic ]
CMS Preliminary: ¥s = 13 TeV, 468 < Full Jet P, < 638 GeV/c —

h CMS Preliminary: ¥ = 13 TeV, 638 < Full Jet p_< 846 GeVi/c —
CMS Preliminary: ¥s = 13 TeV, 846 < Full Jet p, <1101 GeVic _
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+ ALICE Preliminary: €S = 5.02 TeV, 20 < Charged Jet p, <40 GeVic
ALICE Preliminary: s=502TeV, 40 < Charged Jet P, < 60 GeVic
ALICE Preliminary: fs=13TeV,20< Charged Jet P < 40 GeV/ic
ALICE Preliminary: €5 = 13 TeV, 40 < Charged Jet p_ <60 GeVic —
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CMS Preliminary:ﬁ =13 TeV, 97 < Full Jet P, < 220 GeVic

+ CMS Preliminary:ﬁ =13 TeV, 1410 < Full Jet P, < 1784 GeVic
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Energy Correlators

Full Spectrum with high precision

Ratio

2
,  d(Sum EE/E?)
do,

10

ALEPH e*e’, Vs = 91.2 GeV, Work-in-progress

Yen-Jie Lee, MITP talk 2024

—— Archived MC + detector
Data

IR
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O Accidentally symmetric

O Different physics in
different regions



Energy Correlators

Full Spectrum with high precision
Yen-Jie Lee, MITP talk 2024
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Nucleon Energy Correlator
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Operator Definition

hard probe

Nucleon EEC X1 and Zhu, Phys. Rev. Lett. 130 (2023), 9, 9
y

—~ +

© d o
P :J Y v %(Php(())%(é')gw(y‘)lﬂ ‘

27

f/
! \
~

O Energy correlator in the forward region.

©9)

&(n) = J dt lim T,(t, iir)r?

%
O r— Q00

O Probe directly the broken proton

O Purely collinear object, insensitive to soft radiations, e.g. no
Sudakov suppression

O Transverse dynamics through &(6)

O Can be generalized to multiple-point correlation

17



Measurement, Factorization and Properties

hard probe for trigger

Nucleon EEC  xiand zhu, Phys. Rev. Lett. 130 (2023), 9, 9

E

0 £y(0%O) = Y deBxB‘lE—idcf(xB, 0%, )@ - 6)
P

l

.

b
\\ ) O Measurement in DIS

O Full inclusive measurement, no jet/hadrons, weighted by E.

O Different @'s probe different physics

E(0)

18



Measurement, Factorization and Properties

Nucleon EEC  xiand zhu, Phys. Rev. Lett. 130 (2023), 9, 9

0 £y(0%O) = Y deBxB*?da(xB, 0%, )@ - 6)
P

l

¥ O When 00 < Q, DIS type factorization

.

0
(0%, 0) = [MN_l Jeec(V, In u—i)

O Derived by SCET  Cao, XL, Zhu, 2303.01530

O rigorous QCD derivation by relating to the
fracture function through sum rules

O Free of soft contribution
¢ shape directly probes frrc

19



Measurement, Factorization and Properties

Nucleon EEC X1 and Zhu, Phys. Rev. Lett. 130 (2023), 9, 9
y

0 £y(0%O) = Y deBxB*?da(xB, 0%, )@ - 6)
P

l

O When 00 < Q, DIS type factorization

Breit Frame _ 00
10O Z:N(QZ, 0) = [MN 1 JeecWV, In —)
up
———p o) O Derived by SCET  Cao, XL, Zhu, 2303.01530
S S
(p,0,0,p) (0,0,0, = Q) O rigorous QCD derivation by relating to the

fracture function through sum rules

O Free of soft contribution

20



Measurement, Factorization and Properties

Nucleon EEC X1 and Zhu, Phys. Rev. Lett. 130 (2023), 9, 9
y

0 T (Q%0)= ) J

l

Breit Frame
NLO

E

deXB _1—id0(XBa QZ’ P,)@)(H — ‘91)

Lp

O When 00 < Q, DIS type factorization

()
> (0%, 0) = [uN_l ferc(V, In %)

O Derived by SCET  Cao, XL, Zhu, 2303.01530

O rigorous QCD derivation by relating to the
fracture function through sum rules

O Free of soft contribution

21



Measurement, Factorization and Properties

Nucleon EEC  xiand zhu, Phys. Rev. Lett. 130 (2023), 9, 9

L
O Z“N(Qza H) — Z J'dexB_lE_da(xBa Qzapl)e)(e T Hl)
l- P
O When 00 < Q, DIS type factorization
1a 00
(0%, 0) = [MN '6 (u, 0% 1) fgpcN, In W)
‘§ NEEC O Space like version of the EEC in eTe™
\% , OuQ
J== ¢ > = |duuo(u, u)J(u,In )
M

Similar factorization form

22



Normalized Z,,/dy

Measurement, Factorization and Properties

NEEC
| e
free hadron gas
1071 ¢
102 ¢ EIC: e(18GeV)+p(275GeV), Q=20GeV
~—— NLL+as+N?LL+NP o pythia had.
—— NLL+a<2+N>LL+NP —— free hadron
10—3 1 1 ] I 1 l : | 1
-8 -6 —4 ) 0 2

Cao, Li, M1, 2312.07655 y=In(tan[6/2])

23

Share many similarities in the
spectrum
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m —0.01 7 — 0.001

Moult talk



Normalized 2,/dy

Measurement, Factorization and Properties

—
<

—
<
N

1073

Cao, Li, Mi, 2312.07655

NEEC
free hadron gas
- EIC: e(18GeV)+p(275GeV), Q=20GeV
~—— NLL+as+N?LL+NP o pythia had.
—— NLL+as?+N3LL+NP —— free hadron
8 -6 —4 -2 0 2

y=In(tan[6/2])

24

TMD region, 0 ~ &
O conventional TMD physics
O Peak driven by Pert. Sudakov

X =X
10" ! R B ! ; ™ - R - T o , . — . - . Y
| Preliminary
. EEC
15 0.100¢ {?
0.010; O
0.001 = ' U S - .
0.001 0.0050.010 0.0500.100 Perturbative QCD T —0.1 7 — 0.01 7 — 0.001
Moult talk



Normalized 2,/dy

Measurement, Factorization and Properties

NEEC Hard region, 6 ~ 1

1 I T T ]

| O Fixed-order does the job
: free hadron gas
1071 ¢
X . S
102 ¢ EIC: e(18GeV)+p(275GeV), Q=20GeV ; EEC \ Preliminary
——— NLL+a.+N2LL+NP 5 pythia had. '° ]
i =< 0.100; E__Z___::_,:._:..;_;.:-:::i?--""“
—— NLL+as?+N°LL+NP — free hadron H ?
0.010 o
10-3 L - - - IR IR
_8 -6 _4 ) 0 2 ool R g ... B D
0.001 0.0050.010 0.0500.100 Perturbativé QCD ™ —0.1 n —0.01 T — 0.001

Cao, Li, M1, 2312.07655 y=In(tan[6/2])

Moult talk
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Normalized 2,/dy

A

Measurement, Factorization and Properties

Agcp < 00 < Q

NEEC O Perturbatively calculable
' ' O (@ : 1 P
’:freehadrongas fEEC( ) X ﬁ( T x) (x) X [gf(g)]
O Dynamics dominated by coll. splitting
-1 —
’ O Power law: %%, y by P(N) + coll. PDF
T—X
102 - EIC: e(18GeV)+p(275GeV), Q=20GeV 1 Preliminary
~—— NLL+as+N°LL+NP o pythia had. I
—— NLL+as?+N>LL+NP —— free hadron -
0—3L 1 1 | 1 " 0
-8 -6 -4 -2 0 2 0.001 S —
0.001 0.0050.010 0.0500.100 Perturbativé QCD m—0.1 n — 0.01 7 — 0.001

Cao, Li, Mi, 2312.07655

y=In(tan[6/2])

Moult talk
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Normalized 2,/dy

Measurement, Factorization and Properties

NEEC .
Deep NP region
1 — T
~ free hadron gas O Un-correlated distribution
dx/do ~ 6
107"
X T — X
IOEr —— ' T T —— ‘ . : : . .. .
102 - EIC: e(18GeV)+p(275GeV), Q=20GeV z EEC \ B
~——— NLL+ag+N2LL+NP - pythia had. | o
| A5 0.100¢
—— NLL+as*+N°LL+NP — freehadron | 7
0.0105— o
1073 L - e IR IR
- -0 - 2 0 2 “P0001 00050010 00500100 o1 ~001 7—0001
Cao, Li, Mi, 2312.07655  y=In(tan[6/2]) Perturbative QCD -
Moult talk
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Normalized 2,/dy

Measurement, Factorization and Properties

—
<

—
<
N

1073

Cao, Li, Mi, 23 TAQALE

NEEC
free hadron gas
£
- P EIC: e(18GeV)+p(275GeV), Q=20GeV
f
/| NLL+a+N’LU+NP o pythia had.
',;
/ NLL+a<s?+N°LL+NP - free hadron
1 " | ! l | l I | 1 ‘
8 -6 -4 -2 0 2

—irf(tan[6/2))

28

< 0.100¢ {?

0.010¢ o

0.001

NP region
O Enhanced NP region, vs. TMD

O To be determined by future
measurements

O Encodes info. on proton intrinsic
structure and NP dynamics

=X

10

e

, , . - e o A

Preliminary

IR

0.001 0.0050.010

IR

n — 0.01

-

7 ~0.1
Perturbative QCD T

0.0500.100 7 — 0.001

Moult talk



Phenomenology



Normalized Z,,/dy

NEC as a generating observable

XL, Zhu, arxiv: 2403.08874
XL, Shao, Zhu, in preparation

1 E | | 1 1 1 T 7

TFR resum hard T™MD -

~ free hadron gas transition  free hadron gas
10’
10"
=
=
- )
"
1}
1072 EIC: e(18GeV)+p(275GeV), Q=20GeV " -.
~— NLL+as+N%LL+NP o pythia had. o
—— NLL+as?+N°LL+NP — free hadron ﬂ. z.,-,':
g T4
| 059 a94
-3 L I \ ! ! ! ! J . .
R -6 -4 -2 0 2 o % O
o o
y=In(tan[6/2]) 0. ..

O It will be nice if experiments can confirm the framework.

A pythia
o pythia had.

transition TFR resum hard

' /7 CEBAF:e(22GeV)+p(2GeV), Q=3GeV

—— free particle
— frezghadron
ol
] . | . |
-2 -1 ® 0 @ 1
u
y=In(tan[6/2)) J
@
uw
d

O Not that forward to probe the scaling rule region and the onset of

the transition region, y < 2.5, for Q < 10 GeV@HERA,
CEBAF@]Lab maybe perfect for the deep NP region

O Possible precision measurement of TMD in the b-to-b region

30



Normalized Z,,/dy

NEC as a generating observable

XL, Zhu, arxiv: 2403.08874

XL, Shao, Zhu, in preparation

1 lf T | 1 1t T T 71

~ free hadron gas transition R resum hard  free hadron gas
K ‘:‘o.:;-.;,\ '
& R Sy 10"
1071 ‘
)
o
=
©
k-
N
11
1072 EIC: e(18GeV)+p(275GeV), Q=20GeV "
~——— NLL+as+N2LL+NP o pythia had.
—— NLL+a<?+N°LL+NP —— free hadron 2f’.‘ 7
4-1 1 S d .
| 5@ g%1
10—3 L I 1 I ! ! u u u
-8 -6 4 2 0 2 ® Yo ©®
o @
=In(tan[6/2 w w
y=In(tan[6/2]) ° °

O It will be nice if experiments can confirm the framework.

transition

O Not that forward to probe the scaling rule region and the onset of

the transition region, y < 2.5, for Q < 10 GeV@HERA,
CEBAF@]Lab maybe perfect for the deep NP region

O Possible precision measurement of TMD in the b-to-b region

31

TFR resum hard

O CEBAF: e(22GeV)+p(2GeV), Q=3GeV |
A pythia —— free particle |
o pythia had. — frecgradron

@
| e\ | L@ |
2 4 % 0 %o

w
y=In(tan[6/2)) a
@
%o

Can we see



Normalized Z,/dy

NEC dS d generating Observable XL, Zhu, arxiv: 2403.08874

XL, Shao, Zhu, in preparation

17— — | L LB LA — L L — "--' ' J R
 free hadron gas transition TFR resum hard T™D - free hadron gas transition TFR resum hard
10’ :
107" £
o
a
)
=
~ 1
f CEBAF: e(22GeV)+p(2GeV), Q=3GeV
1072 & EIC: e(18GeV)+p(275GeV), Q=20GeV . i
: A pythia —— free particle
~—— NLL+as+N2LL+NP O pythia had. ] _
| o pythia had. adron
—— NLL+a<?+N°LL+NP ——— free hadron
| 1 ! |
10—3 I | ! | ! I | 1 | ! 1 1 1 1 ! ! | -3 — %
-8 -6 -4 -2 0 2 y=In(tan[6/2])

y=In(tan[6/2])

O The small @ region and TMD region can be related

32



NEC dS d generating Observable XL, Zhu, arxiv: 2403.08874

XL, Shao, Zhu, in preparation

TMD

. NEEC

l_c)t = — 2 Pi;=— Z E;sin @(cos ¢;, sin ¢;) &(€2) = Z E:0(€ — Q)

eX eX eX

33



NEC aS a generating Observable XL, Zhu, arxiv: 2403.08874

XL, Shao, Zhu, in preparation

TMD NEEC

k, = — Jd@dgb ) Esin6(cos ¢, sin ¢)5(Q — Q) E(Q) = Y ESQ-Q)
l eX

= — Jd@dqb sin O(cos ¢, sin ¢p) E(Q)

U R
J dk k" f(k) = (— )"J [[a@w@).. w@)(P|...8Q)...8Q,)...|P)

For TMD TMM see e.g.: del Rio, Prokudin, Scimemi, Vladimirov, arXiv:2402.01836v
34



NEC aS a generating Observable XL, Zhu, arxiv: 2403.08874

XL, Shao, Zhu, in preparation

di k! fik) = (=) [ []dQw@)).. w@)(P]... & Q)...€(<Q,) ... | P)

n
_ free hadron gas

O TMD PDFs (moment) can be obtained by
measuring N-pt Nucleon Energy Correlator, by

suitably selecting w(£2)

—
<

O Inclusive measurement! Do not force b-to-b
limit, no jets/fragmentation function involved.

Normalized Z,/dy

EIC: e(18GeV)+p(275GeV), Q=20GeV

- NLL+as+N°LL+NP > pythia had.
O Nucleon Energy Correlator can be regarded as — NLL+@+N'LLsNP  —— free hadron
a generating observable, contains more oss b L

comprehensive information yeintan(or2)
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Quarkonium Energy Correlator
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Motivation

Quarkonium Physics

O regarded as an excellent place to study non-
pert phenomenon for a long time

O How cc — J/y”?
O NRQCD: encoded in (Oy), (Og)

O remains largely unknown: amount of
energy released? Energy Distribution?

37



Motivation

Recent attempts using jet

Probing Quarkonium Production Mechanisms with Jet Substructure

Matthew Baumgart®,! Adam K. LeibovichP,?> Thomas Mehen®,® and Ira Z. Rothstein®!
! Department of Physics, Carnegie Mellon University, Pittsburgh, PA 152183

? Pittsburgh Particle Physics Astrophysics and Cosmology Center (PITT PACCQC)

Department of Physics and Astronomy, University of Pittsburgh, Pittsburgh, PA 15260 / { = E J/ / E T
'

3 Department of Physics, Duke University, Durham, NC 27708
(Dated: June 27, 2018)

Unlike light hadron fragmentation, D, _, ;, (z)
dominated by perturbative radiations: £; — 2m,

38



Motivation

Recent attempts using jet

Probing Quarkonium Production Mechanisms with Jet Substructure

Matthew Baumgart®,! Adam K. LeibovichP,?> Thomas Mehen®,® and Ira Z. Rothstein®!
! Department of Physics, Carnegie Mellon University, Pittsburgh, PA 152183

? Pittsburgh Particle Physics Astrophysics and Cosmology Center (PITT PACCQC) { = EJ/y// EJ
Department of Physics and Astronomy, Unwersity of Pittsburgh, Pittsburgh, PA 15260
3 Department of Physics, Duke University, Durham, NC 27708

(Dated: June 27, 2018)

Unlike light hadron fragmentation, D, _, ;, (z)
dominated by perturbative radiations: £; — 2m,

Chance to “see” hadronziation?

39



Q uar kO N l UM E Nne rgy CO 're I atO I Chen, XL and Ma, PRL (2024) accepted

EEC p Quarkonium EC
7 ////
> Yz

N Jet-jet-correlation )$ﬁ “quarkonim-Jet correlation”
In quarkonium rest frame!!

1 1 E,
LEEC = JdﬁZ oy — Zopc(y) X — Jdaf/y, -5(x — 1)
GJ/l// M

~ average energy emitted at the angle y

40



Q uar kO N l UIml E Nne rgy CO 're I atO I Chen, XL and Ma, PRL (2024) accepted

Quarkonium EC p’ &
O 2grc = 2eecp.r. t 2GEChad /'/// /

O Hadronization enters as an additive Jhy ,
correction, not in the form of convolution
)$ﬂ “quarkonim-Jet correlation”

O Hadronization could be large

E(y)
M

2OECPT. ™ o (1) Ez()( HO 1,8>/

E

1 .
> x — | do,. —8(y — v.
oec(Y) %/J Ihy g ¥ —x)

My
Z@EC,had. ~ VM 2"2(@1,8)

rmax E%dE E

—(0
= (O1)
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Quarkonium EC
O 2Lorc = 2pecp.T. t 20EC had

O Hadronization enters as an additive for Jlw a(M) ~v?*,v~0.5

correction, not in the form of convolution . N
dronizati d be | My M~y v M
O Hadronization could be large Y 0EChad! Z0ECPT. ™ ~ —

a.E E2  a, E(y)

E(y)
M

It M/E(y) ~ 1

2OECPT. ™ o (1) Ez()( HO 1,8>/

ZQEC,had./ 2@EC,P.T. ~ 50%!

My
Z@EC,had. ~—M 2"2(@1,8)

v Excellent place to study the

non-perturbative physics!
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Generic J/y production configuration in pQCD

COM frame —

dead—cone effeCtS Dokshitzer et al., J. Phys. G

a,Cr. dE,  0°d6?
n E, [0+ 65)°

d6y_, 04 ~
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Generic J/y production configuration in pQCD

COM frame E; ~M And further suppressed by dead cone
w 1 o

o E, /E, ~ —boost factor® ~ —

O away near 2 7

8 hard radiation

=t

depopulated, £, ~ M

near

o
J/y rest frame §
EJ

E, ~ ~ O ° —1 0 ] coSy
near away 2M
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hard radiation
depopulated, E;, ~M

near

Sizable hadronization effect!!

0.01
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Sizable hadronization effect!! lgnore interference, rotational covariant
E(y) =E

ete” > Jly+ X

| L . A | | L4 L] 1 1 l

1 \ total
i N\

\\ 1 -
050F ‘>~ == 3gtl! :
. f:-\\ o 1 858] + 3 FiJsl

et I T A ————— e e T

| <@(1Sg)> + 4(@(3Pg)>/m§ = 2.0 x 107°GeV?

001 X ) 1 L N N \ | N N N ) | N N N )
-0.5 0.0 0.5 1.0

Wilson line
COSY
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Relative size between non-inter vs interference Ignore interference, rotational covariant

: “See” the effect of the gl i (8]
or T wilson line direction > 2 1 &l
7 |

10 205 0.0 0.5

Wilson line 5
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Similar story happens to pp 10 -
5 ¢ total ~ 3SP! TSyl 3P
- \/ S =7/TeV
1 \ ﬁ
< 050/ ~-_ :
O - T — _
) . -
N i “x-\_x_“‘\_~- i
0.10 - T
. N 0% <o o ‘
Preselecting particles inside a fat jet  p=15Gev
L A 001
Y(cos x) :Z/o dzd6 A+B—g+x(D/2, LF) -0.5 0.0 0.5 1.0
X Dy czin) (2, 08 x, ur) (O7/¥ (n)) cOSX
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Conclusions

rp =3 x 1073, Q% = 25GeV2, /5 = 105GeV A Different Angle on the Color Glass

Condensate NEEC aS a

' :_— PR()YF():\ .\l\ II(B[\ I('}()L[B I\I\J I(Bl\ I _: June 12,2023  Physics 16, 589

[N}
ot

Predictions indicate that a new type of measurement at the future electron-ion co

-~ PROTON GBW GOLD GBW nromisin g
't -=== PROTON Coll. GOLD Coll. ] ERNGI O I ~

- ] N2
5E @ PROTON PYTHIAS2 @ GOLD FULL CGC 3 \ N 'OrObe Of
the gluon

saturation

B

1 F 1 w
[ free hadron gas

—
L T

. 92 2
Normalized 6°X(Q°, xg,0)
- —
ot ot

0.

Normalized Z,/dy

EIC: e(18GeV)+p(275GeV), Q=20GeV

——— NLL+as+N?LL+NP O pythia had.
NLL+as?+N3LL+NP ~—— free hadron

-2
y=In(tan[6/2])

Spinning
gluon,
and test
oell
inequality

S
b

T .

I

Normalized Z(x ,Q2 0)

- BHiggs - BHiggs(tag q)

‘top pair T 7 Btop pair(tag q)

O Properties
O A new tool for NP physics

oec(Tn ) Li, etal., 2023, Guo, et al., 2024
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Outlook

New perspective
to the NP hadron
structures ®

T—=X

A 1Z 0.100¢

0.010¢

0.001
0.001

NEEC:

Normalized Z,/dy

Preliminary

IR

= = l _ l _ | .
0.0050.010 0.0500.100 Bt rbative QCD 7 —0.1 7 —0.01 7 —0.001

1 T T T T T T T
~ free hadron gas transition

I T T T ] T T T ]

TFR resum hard T™D f
resum -

3]

N2LL+NP
—— NLL+aff +N3LL+NP

O pythia had.

- free hadron

| 1 1 1 | 1 1 1 |

-2 0 2
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Hofman, Maldacena, 2008
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